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ABSTRACT
In this letter we construct the kink D1-brane super D-helix solution and
its T-dual the D2-brane supertube using the effective action of non-BPS
tachyonic D-branes . In the limit of zero angular momentum, both types
of solutions collapse to zero radius, giving rise respectively to a degenerate
string configuration corresponding to a particle travelling with the speed
of light and to a static straight string configuration. These solutions share
all the properties of fundamental strings and do not have the pathological
behavior of other solutions previously found in this context. A short discus-
sion on the “generalized gauge transformations” suggested by Sen is used to
justify the validity of our approach.
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Introduction
Open string tachyons are nowadays seen with better eyes than ever.
Ten years ago the presence of a tachyon was basically a signal of failure.
Nevertheless in the last few years a lot of effort has been devoted to un-
derstand the physics that tachyon can unravel, at least in the context of
string theory. In fact tachyons seems to define useful frameworks where to
study open/closed string theory relations and in particular non-BPS D-brane
physics [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,18,17,19,20,21,22,23,24].
By now, it is well established that BPS D-brane physics can be stud-
ied within the open string tachyon framework. In particular in [17], it is
shown that any D-brane configuration can be reproduced using tachyonic
kink solutions, in the sense that the D-brane and its fluctuations are iden-
tified with the kink and its corresponding fluctuations. On the other hand,
it would be very interesting to study other extended objects appearing in
M-theory, like for example NS-branes and fundamental strings. Regarding
the strings, in [25] a detailed analysis of the characteristics that a tachyonic
solution describing fundamental strings should have is given and it is shown
that previous candidates like those of [26,27,28,29,30,31,32] should not be
identified with fundamental strings. In that work, as a result of the general
properties of the kink D-brane solutions discussed in [17], a new family of
kink configurations is presented and is argued that they correspond to fun-
damental strings attached to D-branes. Nevertheless, finding other D-brane
configurations with magnetic flux (to describe for example non-commutative
theories) may proved to be more involved, since these fluxes in turn could
induce topological obstructions to continue the gauge field outside the kink.
Returning to the fundamental strings, if we believe in the “p-brane
democracy principle” [33], at least some of the properties of the strings
should be accessible to us using already understood tools borrowed from D-
brane physics. In fact, there are frameworks where fundamental strings are
described in terms of D-branes degrees of freedom, like matrix string the-
ory [34] or the BFSS conjecture [35], and more recently using non-abelian
D-brane effective actions [36, 37]. Actually, there are a couple of very good
example of D-brane configurations that in a particular limit leave us with
only string states, first the so-called supertube [38, 39, 40, 41, 42], a bound
state of many D0-branes and fundamental strings, that due to the presence
of angular momentum blows up to stable D2-branes with electric and mag-
netic fields dilute in its worldvolume, and second the D-helix [43], a bound
state of D1-branes and fundamental strings that again due to angular mo-
2
mentum acquires the shape of a helix. These two configuration are related
by T-duality and in the limit of zero angular momentum reduce to type
IIA straight string and type IIB strings collapsed to a point traveling in a
straight line at the speed of light.
In this letter we make notice that, using the “generalized gauge principle”
suggested by Sen in [17], the above type of D-brane configurations can be
described using a tachyonic kink solution of non-BPS D-branes action, where
the possible topology obstruction can be somehow by-passed leaving the
correct regular effective theory on the kink D-brane. This “generalized gauge
principle” is related to the fact that the stress-energy tensor of the kink
solutions is zero everywhere but on the kink itself, rendering unphysical any
fluctuation outside the kink. Therefore, from the point of view of the theory
on the kink, the shape of the continued gauge field is identified with gauge
degrees of freedom and hence is irrelevant for the corresponding D-brane
phenomenology. Also we would like to emphasize that we consider the non-
BPS D-brane action of [17] as an effective description in the sense that gives
the right physics only in an appropriated regime and is in that respect that
we work on this letter.
In the next section we construct the D-helix and then the supertube,
both as tachyonic kink solutions of unstable non-BPS D-branes. Then we
discuss on the validity of the solutions and the role of the “generalized gauge
principle”. At the end we take the limit of zero angular momentum to obtain
the kink superstrings of type IIA and type IIB.
The kinky D-helix and supertube
Let us briefly summarized the D-helix solution of [43]. It is convenient
to write the ten dimensional flat metric as
ds2(10) = −dt
2 + dX2 +R2dφ+ dR2 + ds2(E2) , (1)
where cylindrical coordinates are used in the first four directions. Then, the
D-helix solution is a D1-brane described by the following embedding
t = τ , φ = σ (mod 2pi) ,
R = R0 , X = τE − σB , (2)
where all the other space-time coordinates are fixed and the worldsheet
coordinates (τ, σ) are defined with range (−∞,+∞). The Born-Infeld La-
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grangian for these configurations is given by
L(D1) = −TD1
√
(1−E2)R20 +B
2 (3)
while the Hamiltonian is
H(D1) =
√
(piX ± TD1B)2 + (
piXB
R0
∓ TD1R0)2 (4)
where piX = TD1R
2
0E/
√
(1− E2)R20 +B
2 is the conjugated momentum of
X. The Hamiltonian analysis just tell us that piX is conserved, being related
to the number of strings diluted on the D1-brane. On these solutions, given
piX and B, the Hamiltonian is bounded from below and acquires its minimal
value only when piXB = ±TD1R
2
0 that implies E
2 = 1 corresponding to the
supersymmetric solution preserving 1/4 of the maximal supersymmetry.
Following the general prescription given in [17], we can recover the D-
helix as a kink solution of a non-BPS D2-brane. The non-BPS D2-Brane
effective action is
SD2 = −
∫
dξ3 V (T )
√
−det(gij + ∂iT∂jT + Fij) (5)
where gij the pull-back of the metric with i = (0, 1, 2), labeling the world-
volume directions and Fij the worldvolume abelian Yang-Mills (YM) field
strength and T is the opens string tachyon with potential V (T ). This poten-
tial is taken to be even in T , with maximum at T = 0, equal to the tension
of the non-BPS D2-brane, and minimum at T = ±∞ where it vanishes.
We take the worldvolume coordinates on the D2-brane to be ξi = (τ, σ, ρ)
where (τ, σ) have the same range as before and ρ runs in the interval [0,∞).
Using the same metric as in (1) we consider the ansatz3
t = τ , φ = σ (mod 2pi)
R = ρ , X = Ω(ρ)(τE − σB), (6)
with Fij = 0 and where Ω(ρ) is a regular function different from zero only
in a small neighborhood of R0 with Ω(R0) = 1 and Ω
′(R0) = 0. For the
tachyon field we use
T = f(a ln ρ
R0
). (7)
where f(u) is odd in u and f ′(u) > 0 for all u. Therefore in the limit a→∞
we have
T (ρ) =


∞ if ρ > R0
0 if ρ = R0
−∞ if ρ < R0
(8)
3Given the identification of φ with σ modulo 2pi, the above embedding could be seen
as a static gauge using different coordinates patches.
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Substituting this ansatz in the action we obtain that
L(D2) = V (f)
√
1 + (af
′
ρ
)2
√
(1− Ω2E2)ρ2 +Ω2B2 +O(Ω′) . (9)
Then the conjugate momentum of X(ξ) is given by
ΠX =
∂L(D2)
∂(∂τX)
= V (f)
√
1 + (af
′
ρ
)2
[
ρ2ΩE√
(1− Ω2E2)ρ2 +Ω2B2
+O(Ω′)
]
,(10)
and the Hamiltonian density takes the form
H(D2) =
1
ρ
V (f)
√
1 + (af
′
ρ
)2
√√√√[ρ2 +Ω2B2][ρ2 + Π2X
V (f)2
(
1+(af
′
ρ
)2
))](1 +O(Ω′)) .(11)
Then using the following normalization on the tachyon potential V (T )
∫ +∞
0
dρ
a
ρ
f ′V (f) =
∫ +∞
−∞
dfV (f) = TD1 , (12)
for any function A(ρ), it is verified that
lim
a→∞
∫
∞
o
dρ
a
ρ
f ′V (f) A(ρ) =
=
∫
∞
−∞
duV (u)A(R0exp(f
−1(u)/a)) = A(R0)TD1 . (13)
Hence, using the fact that Ω′(R0) = 0, we obtain the following relations:
lim
a→∞
∫
dρ L(D2) = L(D1)
lim
a→∞
∫
dρ ΠX = piX ,
lim
a→∞
∫
dρ H(D2) = H(D1) . (14)
We then see that, for fixed piX and B we recover that the Hamiltonian is
minimized if TD1R0 = |piXB|.
Therefore, in accordance with the general analysis of [17], we obtain a
kink solution corresponding to the D-helix presented above with the same
conserved charges and the same supersymmetric bound. Furthermore, from
[17] we also know that even the complete dynamics of the fluctuations around
the D-helix configuration is recovered as the dynamics of the fluctuations
around the kink solution (6,7).
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Let us consider now the supertube. These configurations are related to
the D-helix by a T-duality transformation along the X-direction. For the
circular D-helix, the result is a D2-brane with a cylindric shape of radius
R0, with worldvolume coordinates (written in the static gauge) (τ, σ, x) that
have the following ranges: σ ∈ [0, 2pi) and (τ, x) ∈ (−∞,+∞). Also, there
is a non-zero electromagnetic field of the form
F = Edτ ∧ dx+Bdx ∧ dσ , (15)
that stabilizes the brane preventing its collapse to zero radius. As in the
D-helix case, there is a conserved momentum (this time conjugated to the
gauge field Ax) piAx , that once fixed, together with B parametrizes the
solutions. In particular, for R20 = BpiAx the minimal energy supersymmetric
configuration is obtained, setting E2 = 1. This last configuration preserves
the same amount of supersymmetries as the supersymmetric D-helix.
To describe the supertube in terms of a tachyonic kink, we use the action
of a non-BPS D3-brane,
SD3 = −
∫
dξ4 V (T )
√
−det(gij + ∂iT∂jT + Fij) , (16)
with worldvolume coordinates (τ, x, σ, ρ) where (τ, x, σ) have the same range
as before and ρ runs on the interval [0,∞). We then use an ansatz inspired
by the D-helix,
t = τ , φ = σ ,
R = ρ , X = x ,
Ax = Ω(ρ)(τE − σB) , (17)
where all the other fields are set to zero and Ω(ρ) has the same properties
as in (6), the metric is like in (1) and T (ρ) is set to be of the same form as
in (7).
Note that in principle there are problems with the gauge field Ax de-
fined in (17). First of all, for the supertube σ is identified modulo 2pi while
δrotAx = Ax(σ + 2pi) − Ax(σ) = −2piBΩ(ρ). This change in Ax can not
be reabsorbed by an ordinary gauge transformation since d(δrotA) 6= 0 due
to the nontrivial dependence on ρ. Nevertheless, Sen introduced in [17]
a “generalized gauge equivalence principle” that identifies kink configura-
tions with different profiles of the non-BPS worldvolume fields outside the
location of the associated BPS brane i.e. outside the kink itself. There-
fore we can perform an ordinary gauge transformation δΛA = dΛ such that
(δrot + δΛ)Ax = 0 and δΛAρ ∝ Ω
′ and then reinterpret the new Aρ as a
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pure generalized gauge degree of freedom, since Ω′(R0) = 0
4. Second, the
above configurations come with a topological obstruction, that can be seen
as a monopole source inside the tube i.e. for ρ < R0. But, we should
stress that the field strength F of the non-BPS branes is invariant under the
generalized gauge transformation only on the kink and therefore the usual
topological obstruction becomes unphysical since we can change the flux
outside the kink by reshaping the field strength. In fact we can even make
it zero for a limiting case like the following Ax = Eτ,Aσ = Ω(ρ)xB, where
the gauge field is well defined everywhere. In this case we have a non-zero
Fρσ = xΩ
′(ρ)B that is a pure generalized gauge for every x.
Then, using the ansatz (17) we recover the supertube as a tachyonic kink.
Details of the calculation are so similar to the D-helix case that for brevity
they are repeated here but, from the general discussion of [17], we known
that not only the exact charges and supersymmetric bounds are recovered,
but also the dynamics of its fluctuation.
Straight Strings
As a last comment, we can always take the particular limit on the above
solutions (D-helix and supertube) of vanishing B keeping constant the con-
served momentum piX or piAx respectively. In this way the radius R0 is sent
to zero keeping the regularity of the solution. These limiting configurations
correspond to a degenerate superstring vacuum state or superparticle in type
IIB traveling in the X-direction with the velocity of light, and to a straight
superstring vacuum in type IIA along the X-direction. These configurations
are well defined as kink solutions having the correct tension and Hamiltonian
density characteristic of fundamental strings and in the type IIA case the
worldvolume is exactly two dimensional while the electric flux is confined in
a one-dimensional region (the X-direction). All the properties expected to
hold for a fundamental string are attained5 since the tachyon field is infinite
outside the worldvolume of the string but is finite inside. Therefore these
solutions correspond to a realization of the program developed by Sen in
the case of a single string6 unattached to any D-brane. Also the dynam-
4We could write the configuration (17) using two patches where on each one the fields
are well defined and on the overlapping region they are related by a generalized gauge
transformation.
5See [25] for a detail explanation on this point.
6In principle the solution can represent more than one string, depending on the value
of conserved momentum.
7
ics of the perturbation will be described in terms of a supersymmetric two
dimensional Nambu-Goto action in both cases.
We would like to stress that although the solutions here found have
cylindrical shape, it is trivial to extend the analysis to the case of general
shape in curved backgrounds like in [44] and we have used such a restrictive
ansatz for the shake of simplicity.
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